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Abstract
The Mallina Formation and the Constantine Sandstone should be placed in the
Whim Creek Group, following the proposal of Fitton ef a¢l. (1975), and not in the
underlying Gorge Creek Group as advocated by Hickman and Lipple (1975) and

Hickman (1977).

distribution as fragments

BIF in the Gorge Creek Group occurs above, but separated from,
fuchsite-bearing metasediments; both lithologies are useful marker bands.

Their

in the Constantine Sandstone gives additional data

regarding the level of erosion that preceded the deposition of the Whim Creek

Group.

The Whim Creek Group consists of a predominantly clastic province and

a predominantly volecanic province, separated, during sedimentation, by a hinge
zone, which was the site of later emplacement of quench-textured rocks.

Iniroduction

The Whim Creek Group has been described
and defined by Fitton et al. (1975). The group
occurs in the West Pilbara region of Western
Australia, and rests unconformably on the Gorge
Creek Group and the Teichmans Group, both of
older Archaean age. These two underlying units
are correlated respectively with the Soansville
Sub-group (essentially) and the Warrawoona
Group as defined in the eastern part of the Pil-
bara Block by Hickman and Lipple (1975). An
account of relevant studies and of correlations
with units of the eastern half of the Pilbara
Block is given by Fitton et ai. (1975).

The Whim Creek Group consists mainly of
volcanic rocks in the Mons Cupri area and meta-
sediments to the southeast, referred to respec-
tively as a volcanic province and a clastic pro-
vince by Horwitz and Smith (1978). The tectonic
setting and relationship between these two
provinces is illustrated in Fitton et al. (1975,
Figs. 1, 2. I record here an error in Fig. 1; the
Gorge Creek Gloup does not extend west of
Loudens Fault, near Peawah Hill). Volcanics
and sediments are considered to intertongue and
to equate in time for all but the highest units in
the clastic sequence. The type area for several
of the volcanic members is defined at Mons
Cupri, and the formations of the clastic province
are equated to particular units of this type
section (Fitton et al. 1975, p. 17).

The Whim Creek Group complises the
Warambie Basalt, Mons Cupri Volcanics, Con-
stantine Sandstone and Mallina Formation; the
formations are not well-developed everywhere,
and in some places are absent. The Negri Vol-
caltics have been excluded as they overlie the
sequence, unconformahply in places.

77266—(2)
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Hickman (1977) presents a map of part of
the voleanic province which he names the Whim
Creek Belt. Based on a relationship between
porphyritic rocks and metasediments, 15km
southeast of Sherlock, as well as on an interpre-
tation of structural data, he concludes (p. 56):
“The _mid-Archaean regional unconformity
Tecognised by Fitton and others (1975) has not
been substantiated by regional mapping .
The Mallina Formation and Constantine Sand-
stone, placed by Fitton and others (1975) in the

Whim Creek Group, belong to the Gorge Creek
Group”.

This paper presents new syntheses based on
published data in support of Fitton et al’s. thesis.
For references to localities and to the distribu-
tion of rock units, the reader is referred to
Fitton et al. (1975, Fig. 1), Hickman (1977, Fig.
28), and the 1:250 000 geological maps (Roe-
bourne and Pyramid sheets) published by the
Geological Survey of Western Australia.

The Mons Cupri Volcanic Province

The Mons Cupri Volcanic Province is used in
preference to the term *“Whim Creek Volcanic
Belt” so that one can include, within this pro-
vince of volcanic rocks, those acid volcanics,
tuffs and sediments which are preserved in the
syncline between the Caines Well and the Balla
Balla Granites (which are cut by Salty Creek
and Balla Balla River), as well as the Temnants,
large rafts and roof pendants, in the gabbros
and granophyres of the Millindinna Complex
and in the possibly related granites, which occur
between the George and Little Sherlock Rivers,

The basal unit of the Whim Creek Group in
tt}e Mons Cupri Volcanic Province is the Waram-
bie B_asalt vyhich occurs wherever the basal con-
tact is not intruded by units of the Millindinna
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Complex. The basalt is more widespread than
shown by Hickman (1977) between the Sherlock
River and the road from Sherlock to Croydon.
The Warambie Basalt is characteristically pitted
by numerous small vesicles, lecoghisable even
where the rock is sheared or altered. This, as
well as their stratigraphic position, justifies
including in the Warambie Basalt (as in Fitton
et al., Fig. 1) the basic rocks which occur between
2 and 5 km northeast of Mons Cupri. Pebbles
of Warambie Basalt occur in clastics and in vol-
canic fragmentals in many exposules in the
volcanic province of the Whim Creek Group.

The basal unconformity (Fitton et al. 1975,
Hickman 1977) outcrops along the old road to
Pyramid between Black Hill and Red Hill (be-
tween the George and Little Sherlock Rivers).
There, the Warambie Basalt is nearly horizontal
and rests on basic rocks in which regional folds
plunge to the northwest. These are ascribed to
the Teichmans Group. The unconformity is
emphasised by the contrasting grades of meta-
morphism, estimated to be low in the overlying
rocks which appear in hand specimen to be
scarcely altered, whereas the underlying basic
rocks appear to be amphibolite-grade rocks:
the contained amphiboles are dark in colour and
the rocks are strongly lineated. To the south,
the Warambie Basalt is overlain by coarse
clastic rocks and volcanic fragmentals (dolerite
or gabbro intrudes the contact), and the dips
steepen southwards. The Warambie Basalt here
is therefore on the crest of the south-facing
limb of an anticline.

Figure 1 is a geological cross-section at an
azimuth of 210°, passing through the mine at
Mons Cupri, approximately through Whim Creek
Mine, and extending southwestward to 10km
from Mons Cupri. The deepest unit is the
Mount Brown “Rhyolite Member”. As suggested
by Fitton et al. (1975, p. 16) and confirmed by
later work (G. Sylvester, pers. comm, 1976), the
unit is believed to be a chilled intrusive rock.
Indeed, it contains many small xenoliths of
country rock, particularly abundant close to the
contacts. This unit forms a broad dome, intrud-
ing phyllites to the northeast and volcanic frag-
mentals to the south. Similar rocks occur else-
where in the province.

The volecanic fragmentals (“Mons Cupri
rhyolite fragmental”) have been described hy
Miller & Gair (1975) and are now considered
to be the oldest unit exposed in the section
(Fig. 1). At the Mons Cupri mine the frag-
mentals are chloritized in places. This change
masks the fragmental appearance but it becomes
conspicuous again where the rocks are weathered.
Mapping of the cleavage and the predominant
orientation of the long axes of the fragments
established that the fragmental unit is wedge-
shaped, thinning rapidly towards the dome of
the Mount Brown Member, but thinning more
gradually southwards. Thus the voleanic fissure,
or vent, responsible for the accumulation of the
fragmental unit, was probably nearby to the
north, and may have controlled the later em-
placement of the intrusion of the Mount Brown
Member, This general convergence of primary
trends towards the north is reflected by the
shape of the net-veined ore-body.

Sandstones, grits and conglomerates (Cistern
Formation, Miller & Gair 1975) overlie the
volcanic fragmentals. This unit correlated with
the Constantine Sandstone by Fitton et al.
(1975, p. 17) has caused much geological debate:
it does intrude, or mix with, the underlying
fragmentals, but on petrological examination
it is essentially a tuffaceous grit. The bulk of
the rock is massive, although graded bedding has
been observed in drill core (K. O. Linn, pers.
comm. 19872). At the top, it contains well
defined layers, lenses and pockets of fine-grained
material or boulder beds. Volcanic pebbles and
fragments of fuchsite schist occur in places.

Phyllites overlie this unit and are eguated
(Fig. 1) with the phyllitic slate at Whim Creek
and with the metasediments below the Negri
Volcanics to the southwest,

Near Mons Cupri, a band of basic rock occurs
close to the base of the Mallina Formation, It
is too thin to depict in Figure 1. The rock is
strongly altered and structureless, apart from
some pronounced near-vertical jointing:; its con-
tacts with the phyllites are covered by rubble.
The unit was named the Comstock Andesite by
Miller & Gair (1875) but lacks volcanic criteria
and is probably a fine-grained bhasic intrusive.
Similar fine-grained basic rocks occur elsewhere
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Figure 1.—Geological cross-section, striking 210°, through Mons Cupri Mine.
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in the metasediments throughout the volcanic
province. This does not, however, exclude the
possibility of basic flows occurring with the
sediments; indeed M. J. Fitton (pers. comm.
1977) has mapped possible lavas (a fine-grained
basic rock) in the Mallina Formation near the
Peawah River at Egina, in the clastic province.

Two areas of metasediments shown on Figure
1, flanking the Mount Brown Dome, are mapped
by Hickman (1977, Fig. 28) as “slate (e.g. at
Whim Creek)” and excluded from the Mallina
Formation, whilst a third area, on the south
limb of the syncline with Negri Volcanics, is
included in the Mallina Formation. There is no
evidence to indicate a discontinuity beneath this
syncline. Hickman agrees (p. 55) that “the slate
at Whim Creek lithologically resembles more
pelitic parts of the Mallina Formation’”; how-
ever, he has found that the sediments, beyond
the southwest extension of Figure 1, dip under
a porphyritic unit which he has included in the
Mons Cupri Volcanics. These outcrops were
accidentally omitted from the map in Fitton
et al. (1975, Fig. 1). However, they do not con-
tradict the conclusions of Fitton ef al. regarding
the extent, or unconformable nature of the
Whim Creek Group. Such porphyries, some of
which are flow-banded in places, are widespread
throughout the volcanic province and were in-
cluded by Fitton ef al. as an integral part of the
Mons Cupri Volcanics. Similar rocks have since
been recorded in the Mallina Formation near its
base, between Mt. Satirist and Millindinna by
M. J. Fitton (pers. comm. 1977) and also about
10 km north of Egina by G. Doust (pers. comm.
1977), thus extending their distribution to the
clastic province.
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Palaeogeographic evolution of the Archaean in
the West Pilbara

Early mapping in the West Pilbara by
Kriewaldt et al. (in Kriewaldt 1964) established
a persistent sequence, applicable to the Archaean
of the Pilbara Block west of Roebourne. The
sequence, briefly desecribed by Ryan and
Kriewaldt (1963), was later abandoned (Ryan
and Kriewaldt 1964, Ryan 1965) for the region
between Mons Cupri and Mt, Satirist, following
a misinterpretation of the relative ages of the
later named Croydon Sandstone and the Gorge
Creek Group (see Fitton et al. 1975, p. 5-6).
'I‘he seouence from top to bottom (umbered as
in Eig. 2) is, (4) Gorge Creek Group, BIF and
sediments; (5) basic to intermediate volcanics,
frequently pillowed; (6) a composite assemblage
of mafic to ultra-mafic rocks with acid volcanics
and sediments (Nickol River Formation of
Williams 1968). Pillowed basalt underlies unit
(6), where preserved by granitic intrusion. The
granitoids intrude all units below the Gorge
Creek Group.

Unit (6) is characterised by frequent occur-
rences of green fuchsite (a chromian muscovite)
in the sedimentary bands. It is a complex
stratigraphic unit (see Horwitz 1963). Correla-
tions with the type section in the Teichmans
region, where a similar seauence occurs, are
shown in Figure 2; they were established with
the help of M. J. Fitton. These chrome-bearing
sediments, whose geochemistry still remains to
be studied, could be genetically related to ultra-
mafic volecanicity which, where developed, occurs
in the same general part of the sequence,
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Figure 2.—Three diagrammatic palaeogeographic profiles approximately through Roebourne and Wodgina. A.—Fol-

lowing deposition of the Gorge Creek Group and intrusion by granitic rocks.
C.—After deposition of the Whim Creek Group.
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Whim Creek Group.

B.—Prior to deposition of the
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The Gorge Creek Group BIFs, and the cherts
and other sediments with the green fuchsite
staining, thus provide two broad marker units
which have been used to determine the level of
erosion prior to deposition of the Whim Creek
Group. These data have been used in associa-
tion with the level of intrusion of the granites
and the thicknesses and facies of the late
Archaean rocks of the region in the compilation
of _the palaeogeographic profiles in Figure 2
which is based on the profiles in Fitton et al.
(1975, Fig. 2).

Rare granitoid pebbles, as well as fuchsitic
fragments, occur in the volcanic fragmentals at
Mons Cupri, and fuchsitic fragments occur in
the clastic metasediments correlated with the
Constantine Sandstone at Mons Cupri. They
ale also present in the Constantine Sandstone of
the Croydon Anticline, and the Mallina Anti-
cline south of Loudens Fault. M. J. Fitton has
recorded some, associated with fragments derived
from the Gorge Creek Group, in the Constantine
Sandstone north of Teichmans Goldmine. One
can recoghise a probable source for all of these
clasts, including the fuchsitic fragments, which
almost certainly derive from unit 6. In most
other places, throughout the Teichmans and Mt.
Satirist general area, the Constantine Sand-
stone containg chert and BIF pebbles derived
from the Gorge Creek Group (Fig. 3). Such
pebbles are usually well rounded.

Very large

. 2cm

—J

Figure

3.—Conglomerate from the Constantine Sandstone at Nunyerry Gap.

slabs of chert and BIF occur at the base of the
Constantine Sandstone north of Teichmans
Goldmine; and in other areas the basal forma-
tion is a ferruginous breccia (M. J. Fitton, pers.
comm. 1975). All this, when allied to an irregu-
larity in detaill of the surface of unconformity,
indicates that the Gorge Creek Group was well
lithified and eroded prior to the deposition of
the Whim Creek Group. Where the Constantine
Sandstone is very thin and reduced to a few
metres of clastics, it has been omitted from
Figure 2C.

The profiles in Figure 2 depict three stages in
the evolution of the West Pilbara. Figure 2A
is a profile after deposition of the Gorge Creek
Group and following intirusion by granitic rocks.
Nowhere in the West Pilbara are the fuchsitic
sediments (6) in normal contact with the BIF
(4), they are always separated by voleanic rocks.

Figure 2B indicates a broad arching of the
sequence in the general area where granitic
rocks have reached overall higher levels of
intrusion. This might support the suggestion of
M. J. Fitton (in Fitton et «l. 1975) that the
diapiric rise of granitoids is responsible for the
structural deformation in the region. It 1is
possible that this tectonism started before com-
plete lithification of the Gorge Creek Group BIF
as the latter show remarkable plastic deforma-
tion at both small and large scales. However,

The pebbles are largely of Gorge

Creek Group BIF. Sample provided by M. J. Fitton.
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diapirism, if it occurred, is considered to have
been accompanied by clear intrusion with stop-
ing and the injection of large granite sills and
apophyses, as described by Horwitz (in Fitton
et al. 1975, p. 19) for the Caines Well Granite.
Indeed, the zone of mafic-ultramafic remnants,
which was depicted in the granite from aero-
magnetic maps, does outerop in places as small
and large remnants. The zone can be traced
from the outcrops at Sherlock, southwestwards
to an outerop, adjoining and north of the new
highway on the left bank of the Little Sherlock
River (recorded in Fitton et al. 1975). Further
westwards, the zone is displaced by the Copper
Mine Fault, as the next outerop is a small
mound of granophyre of the Millindinna Com-
plex (brecciated according to G. H. Riley, pets.
comm.). The trace of the Copper Mine Fault,
as depicted in Fitton et al. (1975) is confirmed
by aeromagnetic data.

These remnants in the granites, as well as
the country rocks in contact with the intrusive
granites, are invariably metamorphosed to a
high grade. It is to this contact effect that we
attribute the metamorphic grade of the Teich-
mans Group amphibolites, below the Warambie
Basalt. The contact effect also explains the
previously unrecorded metamorphosed mafic-
ultramafic rocks, preserved and sandwiched be-
tween the Millindinna Complex and the Croydon
Sandstone at the Evelyn Copper Mine near
Croydon (see also, Williams 1968, p. 7).

Where the dips are shallow the Mallina For-
mation phyllites have a pronounced cleavage
resulting from flexure slip folding and sub-
parallel to, but not toe be confused with, the
bedding. This occurs, for example, at Whim
Creek, on both limbs of the Croydon Anticline
a few kilometres away from the fold axis, near
Egina, and northwest of Teichmans Goldmine.
However, the steeper fracturing, or axial-plane
cleavage is developed wherever the bedding is
steeper, such as in the Mallina Formation near
Mt. Negri, below the unconformity of the Negri
Voleanies. Thus the steepness of the beds is
not a criterion of age, as implied by Hickman
(19717, p. 55).

Hickman (1977) has separated from the Negri
Voleanics, his unit “Abu”, the quench-textured
basic rocks. West of the area covered by his
map, close to and west of Warambie Homestead,
the unit appears to intrude between the Waram-
bie Basalt and other units of the Whim Creek
Group. Its geographic distribution, largely
flanking the volcanic province, (compare with
Figure 2C) suggests that these mafic rocks are
developed mainly at the hinge zone of thickness
variations, which separates the volcanic pro-
vince from the clastic provinece in the Whim
Creek Group. As noted by Hickman (1977),
this zone is marked by faults, the major one
being Loudens Fault., These features could sug-
gest that some deeper crustal control was
possibly responsible for many aspects of the
palaeogeography and mineralisation in the
region.

1

Hickman (1977, Fig. 28), however, erred in
separating these quench-textured rocks from
others of the Negri Volecanics, such as those that
overlie the Whim Creek Group in the synecline
about 10 km south of Sherlock Homestead. In-
deed, Hallberg (1973, p. 6) has noted similarities
in textures and chemical affinities between his
samples “Sherlock’” and his samples “Mt, Negri
Volcanies”. The latter are from Hickman’s unit
“Abu” and the former from his “sillcified and
epidotised basalt’”.

Accepting that these two units are part of
the same uninterrupted sequence, as originally
mapped by Fitton et al, (1975), then the quench-
textured basic rocks are unquestionably younger
than the Whim Creek Group and cannot corre-
late with others of the Teichmans Group as
suggested by Hickman (1977, p. 56). Indeed
both Hallberg (1973) and Sun & Nesbitt (1978,
p. 316) give chemical evidence showing that
these quench-textured rocks of the Negri Vol-
canics are more differentiated than those com-
mon to the Archaean (for instance, Ruth Well,
Hallberg 1973, Table 3).

Conclusions

The Constantine Sandstone and the Mallina
Formation are part of a sequence which is con-
sidered to be unconformable on, and thus
excluded from, the Gorge Creek Group of BIF.
The deposition of the Constantine Sandstone
followed a period of erosion and folding; dissec-
tion must have proceeded at least as deep as
unit (6). Thus the Whim Creek Group is a
valid unit, which includes both volecanic and sedi-
mentary rocks, and ig distributed quite widely
throughout the Archaean of the Pilbara Block.
Its extent is indicated and discussed in Fitton
et al, (1975, Fig. 3 and p. 23).

The relative ages of the Millindinna Complex,
of some granitic rocks and of various rocks
grouped with the Negri Volecanics, deserves more
research. The age of some of these units might
be a matter of semantics, to be solved by geo-
chronological dating and an agreed definition
of the boundary between the Archaean and the
Proterozoic. Horwitz and Smith (1976, 1978)
have shown that volcanicity was nearly con-
tinuous from late Archaean to early Proterozoic
in parts of an early Proterozoic trough, super-
imposed on the area discussed in this paper.
Indeed. there is still ample scope for further
research in the region,
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